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Fig. 195. Eurysternus caribaeus Hbst. Successive stages in the elaboration of a ball during nuptial feast. (From Halffter et 


al., 1981, fig. 1.) 


Disparity between ovarial function and nest care 
(which represents a fault in the normal K-strategy 
of scarabaeines) is evidently what provokes the 
attack and abandonment of a nest after several 
days of intensive care. 

Nesting behavior of E. foedus and an uniden- 
tified Mexican species are not like that of the 
species studied. Rather, their behavior is like that 
of certain Onotini, and is assignable to Group I 
behavior (sensu Halffter and Matthews, 1966).” 


THE WORK OF DUNG BEETLES AND ITS FOSSIL 
RECORD 


Greg Retallack 


The ancient Egyptians saw in the life cycle of the 
scarab beetle (Scarabaeus sacer), hatching from the 
ground, then maneuvring and burying its ball of 
dung, a metaphor for divine agency in the rising and 
setting of the sun, and the promise of immortality 
and good fortune. The real significance of their 
activities as a sanitary squad, cleaning up after large 
herbivores, was dramatically demonstrated following 
the introduction of cattle into Australia during the 
19th century. The production of large cakes of dung 


by these Eurasian ruminants, compared to the dung 
produced by native marsupials, dingos and aborigin- 
als, proved more than could be handled by native 
decomposers. A cake of cattle dung, which would last 
only a few weeks in Britain during warm weather, or 
as little as 20 minutes in Africa, could persist on the 
ground for up to five years in Australia. A sizable area 
of agricultural land (estimated as some 300,000 acres 
in 1966) was thus at best, removed from productive 
service, and at worst, a breeding ground for flies and 
unpalatable weeds (Waterhouse, 1974; Bornemissza, 
1976). 


Kinds of nesting behavior 


Dung is a waste material by most human and 
bovine standards, but for dung beetles it is a precious 
resource. The beetles use dung mainly for food, 
either as ordinary fare, as nuptial gifts and feasts, as 
a larder for surviving harsh seasons or as nourishment 
for developing larvae. There are several ways of 
provisioning larvae (Halffter and Matthews, 1966; 
Halffter, 1977). Some dung beetles oviposit on ex- 
posed dung, which serves as a food source for free- 
living larvae. Other dung beetles take a great deal 
more effort to ensure the survival of their young. The 
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Fig. 196. Eurysternus caribaeus Hbst. Copulation during nuptial feast. (From Halffter et al., 1981, fig. 3.) 


burrow-stuffers (Group I of Halffter, 1977) excavate a 
simple or branched burrow beneath a pile of dung, 
and pack the end of the burrow or chambers with 
dung. They may then lay one egg in each mass, or 
several eggs in a single large mass of dung. The 
underground ball-makers (Groups II and HI) also 
excavate a burrow beneath the dung, but shape their 
supply into spherical or pear-shaped masses. In some 
cases, the brood balls may be covered with a thick 
coat of clay (Group II). In other cases, the female 
beetle may remain underground to tend and defend 
her growing brood (Group III). The overland ball- 
rollers (Groups IV and V) disperse the dung by 
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shaping it into balls and rolling it some distance from 
the source. Nests of some ball-rolling beetles consist 
of a single, untended brood ball (Group IV), whereas 
parental care of several brood balls and progeny are 
found in other dung beetles (Group V). Overland ball- 
rollers generally bury their brood balls. A final kind 
of behavior, known only in Eurysternus, includes 
parental care of several brood balls, without either 
rolling them away or burying them in the soil be- 
neath the dung (Group VI). This behavior is anoma- 
lous in the sense that it does not continue the trend 
of progressively more elaborate parental care seen in 
Groups I to V. 


Fig. 197. Eurysternus caribaeus Hbst. Female caring for definitive nest. (From Halffter et al., 1981, fig. 5.) 
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Fig. 198. Eurysternus caribaeus Hbst. Types of definitive nest. Observe the union of brood-balls with soil. (From Halffter et 


al., 1981, fig. 6.) 


Most dung beetles are solitary, although some of 
the burrow-stuffers, underground ball-makers and 
overland ball-rollers are subsocial (in the sense of 
Wilson, 1971), providing some parental care for the 
young. Subsocial behavior in provisioning larvae is 
most prominent among the diverse populations of 
dung beetles found in subtropical and tropical 
grasslands. Both specific diversity and the variety of 
nesting behavior are less at high latitudes and al- 
titudes and in forests, where dung beetles with free- 
living larvae predominate (Halffter and Matthews, 
1966). The scattered dung beetles in fields and woods 
of Fårö, a small island in the Baltic Sea north of 


Gotland (Landin, 1961), may be contrasted with the 
assertive hordes of beetles cleaning up after elephants 
in the savanna of Tsavo National Park, Kenya (Hein- 
rich and Bartholomew, 1979). 


Evolution of dung beetles 


Correspondence of the nesting behavior of dung 
beetles and habitat is a striking example of coevolu- 
tion of vegetation, insects and large vertebrates. 
Halffter and Matthews (1966) and Halffter (1977) have 
offered some opinions on the course of this coevolu- 
tion, drawn from their extensive knowledge of mod- 


Fig. 199. Fossil scarabaeid beetle, Proteroscarabaeus yeni from Early Cretaceous lake deposits near Laiyang, Shandong 


(Shantung), China. (From Grabau, 1928.) 
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ern dung beetles and their behavior. But there is also 
a fossil record of dung beetles, both as remains of the 
insects themselves and of their larval nests. These 
latter are much more common as fossils in terrestrial 
sedimentary rocks than generally realized, and provide 
a potentially important, although little exploited, 
source of information concerning the evolution of 
nesting behavior. 

The fossil record of the family Scarabaeidae, which 
includes the living dung beetles, is very incomplete. 
The order Coleoptera (beetles), of which they are a 
part, is known from as far back as Permian times 
(Crowson, 1981). The most common remains of 
beetles are isolated wing cases (elytra). Seldom 
preserved are the lamellate or flabellate segments of 
the antennal club or the robust limbs characteristic 
of scarabaeid beetles. According to Crowson (1981), 
a small fossil beetle (Apbodiites) from very Early 
Jurassic (Hettangian) rocks of Switzerland is superfi- 
cially similar to modern, free-living, dung-eating, 
scarabaeid beetles of the subfamily Aphodiinae. A 
larger beetle (Opiselleipon) from late Early Jurassic 
(Toarcian) rocks of northern West Germany is anoth- 
er fossil similar to scarabaeid beetles. Geotrupoides 
from latest Jurassic (Tithonian) rocks of southern 
West Germany is regarded by Crowson (1981) as the 
oldest representative of the subfamily Geotrupinae. A 
variety of well preserved geotrupine and hybosorine 
scarabaeids (Geotrupoides, Proteroscarabaeus and 
Holcorobeus) are known from Early Cretaceous rocks 
of central Asiatic U.S.S.R. and northeastern China 
(Grabau, 1928; Arnoldi et al., 1977; Rodendorf and 
Rasnitsyn, 1980). A Mesozoic origin of scarabs can 
also be defended on the basis of the abundant niche 
provided by dung of the first large dinosaurs (Halffter 
and Matthews, 1966, p. 193), and from the global 
distribution of scarabaeid beetles, especially the variety 
of endemic forms in Australia, which has been 
geographically isolated since the very early Tertiary 
(Britton, 1970). Fossil scarabaeid beetles have also 
been found in Tertiary lake deposits of Europe 
(Balthasar, 1963) and North America (Wilson, 1977b; 
Grande, 1980); some of these as old as Middle Eo- 
cene. 

Unfortunately, this fossil record of the Family 
Scarabaeidae reveals little of the history of dung 
beetles, because these are found only in a few 
subfamilies (Geotrupinae and Scarabaeinae of Arnett, 
1963). These subfamilies include beetles which feed 
on carrion, roots, soil organic matter, decaying fruit, 
leaf litter, wood, fungi, live foliage, and nectar, as 
well as dung (Richter, 1958; Britton, 1970). Fossilized 
larval nests of dung beetles are more informative 
guides to their behavior and diet than fossil beetles. 


Fossil nests of dung beetles from South American 
grasslands 


Numerous fossil nests of dung beetles have been 
found in terrestrial deposits of Tertiary age in Argen- 
tina and nearby Uruguay (Fig. 200). The oldest of 
these are from paleosols of probable Paleocene age 
formed on Cretaceous rocks near Comallo in the 
Province of Rio Negro (Volkheimer, 1971). Unfor- 
tunately, the fossils themselves have not yet been 
described. The oldest described fossil nests are from 
floodplain deposits of Early Eocene age (Casamayoran 
of the local chronostratigraphic scheme; Marshall et 
al., 1977) at Punta Casamayor and at Los Leones, in 
Santa Cruz Province, Argentina (Frenguelli, 1938a, b). 
The exact geological setting of these fossil nests was 
not specified, but the drab grayish color of these 
weakly bedded deposits would be compatible with the 
presence of partly gleyed, lowland, fossil soils, which 
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Fig. 201. Likely fossil nests of dung beetles from Miocene Oxisols near Nueva Palmira, Uruguay (A-D), and an Early Oligo- 
cene Inceptisol, near Paso Flores, Argentina (E-I): Fontanaichnus kraglievichi from exterior (A), and in cross-section (B); 
Devincenzichnus murguiae from exterior (C) and in cross-section (D); an unnamed elongate nest or filled burrow from 
exterior (E) and in cross-section (F); Coprinsphaera sp. from exterior of an unhatched nest (G); and of a hatched nest (H) 


and in cross-section (I). 


supported mesic woodlands and savannas, a vegetation 
in evidence from associated fossil plants and mammals 
(Webb, 1978). The fossil nests are hollow, thick- 
walled, spherical and pear-shaped shells of clay, 
similar to those formed around brood balls by living 
beetles of the genus Phanaeus. Sauer (1955, 1956) 
coined the name Coprinsphaera ecuadoriensis for 
similar trace fossils from Pleistocene ashes in Ecuador. 
Early Eocene nests from Argentina could be referred 
to a different species of the same genus, much smaller 
(29-39 mm in diameter) than the trace fossils from 
Ecuador. 

Similar fossils of Coprinspbaera have been found 
in mid-Eocene (Mustersan) fossil soils near Laguna del 
Mate, in Chubut Province, Argentina (Andreis, 1972). 
These paleosols had few recognizable horizons, 
chestnut color and abundant root traces and clay 
skins. They may have been Inceptisols or Mollisols (of 
Soil Survey Staff, 1975) of savanna or other grassland 
vegetation. Such vegetation may also be inferred from 
the variety of notoungulates with high-crowned 
(hypsodont) teeth, found together with mixed feeders 
such as megalonychid ground sloths, at this strati- 
graphic level (Webb, 1978). Even as long ago as the 
Eocene, dung beetles appear to have buried a food 
supply for their larvae, coated it thickly with clay 
(Group II behavior of Hailffter, 1977), and been 
common in association with large mammals of 
grassland ecosystems. 


By the Early Oligocene (Deseadan) there were a 
variety of nests of dung beetles (Fig. 201E-I) cor- 
responding to diverse nesting behavior. Near Paso 
Flores (Neuquen Province, Argentina), numerous nests 
were found from 40 to 70 cm below the surface of a 
fossil soil (Frenguelli, 1939). This is a massive, brown- 
colored unit of rock with greenish mottles and 
reddish nodules of ferric oxyhydrate, and was prob- 
ably an Inceptisol supporting savanna or woodland 
vegetation. Again, confirmation of such vegetation can 
be found in the remains of both browsing and 
grazing mammals, as well as fossil logs and leaves of 
palms, elms, and sycamores found at this stratigraphic 
level (Webb, 1978). Most of the fossil nests were of 
the Coprinsphaera-type (Fig. 201G-], 35.5-54 mm 
in diameter. A single large Coprinspbaera, 59 mm in 
diameter, may represent a separate species. As for 
living beetles of the genus Phanaeus, the dung was 
probably first hidden in a burrow very close to the 
source. Only rarely do these modern beetles roll an 
irregular wad of dung a short distance before burying 
it. In the privacy of their own burrows, these living 
beetles construct one or more pear-shaped, clay-lined 
nests, with a large food chamber and a small adjacent 
egg chamber. The egg chamber is destroyed upon the 
exit of the young beetle (Halffter and Matthews, 
1966), which breaks up the pear-like shape, leaving 
hollow, gaping spheres of clay like Coprinspbaera. 
Elongate fossil nests were also found (Fig. 201E, F) in 
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two sizes, one 17-21 mm and the other 22-23 mm 
in diameter. Frenguelli (1939) thought that these 
nests were similar to those of the living dung beetle 
Onthopbhagus, but these latter are simply elongate 
burrows stuffed with dung and lack what Frenguelli 
interpreted as clay walls of the fossils (Halffter and 
Matthews, 1966). The clay lining could be regarded as 
a subsequent layer washed in, before final filling of 
the nest. Alternatively, it could be a fecal tube, like 
that of the living beetle Peltotrupes youngi Howden 
(1955, p. 18, fig. 2), although the fossil lining appears 
much more robust. It is also possible that these fossil 
nests are a record of nesting behavior unknown in 
living dung beetles. Whatever the resolution of these 
interpretive difficulties, these nests provide additional 
evidence for a diversity of nesting behavior in South 
America during Early Oligocene times. Molds of larval 
cells of wasps or bees complete the array of trace 
fossils found in the fossil soil near Paso Flores 
(Frenguelli, 1939). Coprinspbaera-like trace fossils are 
also common at several other localities of comparable 
age in Argentina (Frenguelli, 1938a, b, 1939; Spalletti 
and Mazzoni, 1978): near Cañodon Bonito (Rio Negro 
Province), Comodoro Rivadavia (Chubut) and Lago 
Colhue Huapi (Chubut). By Oligocene times, dung 
beetles were diverse, common, and widespread in 
southern South America. 


Fossil nests of dung beetles from subtropical 
woodlands of South America 


Another diverse assemblage of trace fossils (Fig. 
201A-D) is known from fossil soils near Nueva 
Palmira, in southwestern Uruguay (Roselli, 1939, 1976; 
Frenguelli, 1939, 1946; Bonino de Langguth, 1978; 
Schlüter, 1984), probably Miocene in age (Frenguelli, 
1939). The trace fossils come from a massive, dark 
red, weakly calcareous, clayey rock, capping Cretace- 
ous bedrock. This is probably a relict soil of Miocene 
age, formed under woodland, in a subhumid, season- 
ally dry, subtropical climate. Many of the fossil nests 
are similar to Coprinspbaera, but for the collar-like 
rims around the exit hole. This collar is only weakly 
differentiated in remains referred to the trace fossil 
species Devincenzichnus murguiae (Fig. 201C, D), but 
forms a prominent platform in Fontanaichnus krag- 
Nievichi Roselli (Fig. 201A, B). These collared fossil 
nests may have been formed end to end in a burrow, 
similar to nests of the living dung beetle Dichotomius 
carolinus (Linnaeus)(Halffter and Matthew, 1966). 
While Roselli regarded Devincenzichnus as the nest of 
a dung beetle, he thought Fontanaichnus was the 
nest of a wasp because of three small irregularities 
which he interpreted as egg chambers. These small 


chambers are not convincingly described or illustrat- 
ed, and their interpretation remains uncertain. Also 
found in the relict soil were spectacular multicellular 
nests of bees (Uruguayichnus auroranormae, Roselli, 
including “Proscelipbron” of Frenguelli, 1946), very 
similar to the clustered underground chambers of 
sweat bees (Apoidea, Halictidae), such as Halictus 
quadricinctus F. Also found was another small 
fragment of a larger hymenopteran nest (Uruguay- 
ichnus castellanosi Roselli), and some enigmatic, 
asymmetric, near-ellipsoidal nests with distinctive, 
lamellar walls (Teisseirichnus barratini Roselli), 
perhaps made by litter feeding beetles. 

There are clear differences between this assem- 
blage and these fossil soils, and those of Early Oligo- 
cene (Deseadan) age from near Paso Flores (already 
described) and of Miocene (Santacrucian) age from 
near Las Mellizas, in the province of Rio Negro, 
Argentina (Frenguelli, 1938a, b). A warmer, wetter 
climate and more lush vegetation in northern than 
southern South America can be inferred from the 
distribution and nature of Miocene fossil plants 
(Menendez, 1971) and mammals (Webb, 1978) and is 
compatible with what little is known about fossil soils 
of this age (Frenguelli, 1939; Roselli, 1939; Spalletti 
and Mazzoni, 1978; and interpretations offered 
herein). It could be that the fossil nests reflect this 
difference in habitat, and that non-grassland assem- 
blages of dung beetles characteristic of subtropical 
woodlands and forests (as discussed in detail by 
Halffter and Matthews, 1966) had arisen by Miocene 
times. 


Pleistocene nests of beetles associated with the 
giant fauna of South America 


Fossil nests of clay, like Coprinspbaera, have also 
been found in Pleistocene sediments of Argentina 
(Frenguelli, 1938a, b) and Ecuador (Sauer, 1955, 
1956). Many were preserved within the carapace of a 
fossil glyptodont in a large burrow (presumably its 
den) of Early to Middle Pleistocene (Ensenadan) age 
from near Parana (province of Entre Rios). These 
nests were 11-27 mm in diameter (Frenguelli, 1938a, 
b) and, from their geological occurrence, could 
equally have been stocked with carrion as with dung. 
The genera of living beetles Phanaeus and Deltochi- 
lium, which form similar clay-lined nests, include 
some species which feed on dung and others feeding 
on carrion (Halffter and Matthews, 1966). 

Large (82 and 87 mm diameter) fossil nests were 
found in Late Pleistocene (Lujanian) deposits near 
Esperanza (province of Santa Fé), in association with 
abundant remains of some of the largest mammals 
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known to have lived in Argentina. There is a direct 
linear relationship between the size of the nest of 
dung beetles and the size of the beetle (Halffter and 
Matthews, 1966, p. 106). It is also possible that large 
nests evolved in response to gigantism in the mam- 
malian fauna, as Frenguelli (1938a, b) suggested from 
the occurrence of these fossils. Some of the largest 
living species of dung beetles [for example, Helioco- 
pris dilloni (Guérin)] form huge spheres from the 
dung of the largest land mammal, the elephant 
(Heinrich and Bartholomew, 1979). 


Fossil nests of dung beetles in open woodlands of 
North America 


Fossil nests of dung beetles have only been recog- 
nized recently in North America, although Clark et al. 
(1967, p. 124) came close to identifying them in 
referring to “casts of pupa cases or larval burrows” in 
the early Late Oligocene Scenic Member of the Brule 
Formation in Badlands National Park and surrounding 
regions, South Dakota (Fig. 202). In my own studies 
of this sequence in the Pinnacles area of Badlands 
National Park, I have found nests of both dung 
beetles and of bees at two horizons in the Scenic 
Member (Orellan or early Late Oligocene of Prothero 
et al., 1982) and at two horizons in the Poleslide 
Member (Whitneyan or mid-Late Oligocene) of the 
Brule Formation (at levels 51.8, 61.9, 92.4 and 97.8 m 
in a measured section in which the non-redeposited 
top of the Pierre Shale is at 8.3 m; Retallack, 1983, 
1984b). Only at the lowest level were they abundant 
in a calcareous layer up to 20 cm thick. This was the 
petrocalcic horizon, 110-125 cm below the surface 
of a fossil soil, which has a clayey, pink, B (illuvial) 
horizon and a greenish-gray A horizon (Fig. 203). The 
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Fig. 203. Paleosol with a petrocalcic horizon (Bk) contain- 
ing nests of solitary wasps or bees and of dung beetles. 
Scenic Member of the Brule Formation, Badlands National 
Park, South Dakota (51.8-53 m in measured section of 
Retallack, 1984b). 


fossil nests may once have been present in the upper 
portions of the fossil soil, but are only recognized 
where preserved in three dimensions in the petro- 
calcic horizon. The fossil soil was mapped in the field 
as an unnamed Gleska Series paleosol, #30, and was 
probably once a Petrocalcic Paleualf in the classifi- 
cation of the U.S. Department of Agriculture (Soil 
Survey Staff, 1975) or a Red Brown Earth of the 
Australian C.S.I.R.O. (Stace et al., 1968). Considering 
these identifications, its well developed soil horizons, 
large fossil root traces and relationships with channel 
deposits and with other paleosols, this paleosol 
probably supported open woodland which formed a 
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Fig. 204. Casts of likely nests of bees (two lower left) and 
of dung beetles (others) from the mid-Oligocene, Scenic 
Member, Brule Formation, Badlands National Park, South 
Dakota. Clockwise from the top right, these are Indiana 
University, Department of Geology, specimens 15690E, 
15690B, 15694A, 15690D, 15690H, 15690F, 15690A, 
15690G. Scale is in centimeters. 


streamside gallery dissecting extensive interstream 
savanna (Retallack, 1981, 1982, 1983). Such vegetation 
is also in evidence from the mammalian fauna of 
these fossil soils, which consists largely of browsing 
woodland forms (Clark et al., 1967; Webb, 1977; 
Retallack, 1983). This woodland was considerably 
more open than that supported by better developed 
paleosols of a similar kind formed in this area earlier 
in the Oligocene. Similar fossil nests were also found 
in a paleosol (at 92.4 m in the measured section in 
the Poleslide Member) identified as an Andic Us- 
tochrept (of the U.S.D.A.) or Solonized Brown Soil 
(of the C.S.I.R.O.) formed under savanna. The beetles 
which excavated these nests lived in open grassy 
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Fig. 205. Size distribution of maximum diameters of casts 
of 17 nests of wasps or bees and 79 nests of dung beetles 
from a single block at the 51.8 m level of a measured sec- 
tion of the mid-Oligocene, Scenic Member, Brule Forma- 
tion, Badlands National Park, South Dakota. Indiana Uni- 
versity, Department of Geology, specimen 15923. 


woodlands and savannas in a warm temperate, 
seasonally dry, subhumid to semi-arid climate. 

As collected in the field, the remains include both 
near-spherical (scarabaeid) and elongate, tear-shaped 
(bee) molds of cells (Fig. 204). The tear-shaped nests 
are similar to those from Argentina already mentioned 
(Frenguelli, 1938a, b, 1939) and also to those describ- 
ed and named Celliforma spirifer by Brown (1934, 
1935) from the Eocene of Wyoming, although the 
Oligocene fossils have not yet been found with the 
diagnostic spirally grooved plug of the Eocene nests. 
These Oligocene hymenopteran nests (Celliforma 
ficoides Retallack, 1984b) will not be considered 
further here. A collection of 79 of the near spherical 
molds collected from a single block of matrix varied 
from 12.2 to 21.3 mm in maximum diameter, with a 
mean size of 16.2 and standard deviation of 1.9 mm 
(Fig. 205). Some of this variation is due to compac- 
tion, presumably during late diagenesis of these 
deposits, because some of the casts are noticeably 
flattened and distorted. Even considering this, there 
is a wide range of diameters of the near-spherical 
nests. They may have been constructed by several 
species of beetle, but are treated as a single taxon of 
trace fossil (Pallicbnus dakotensis Retallack, 1984b). 
Unlike those attributed to the work of wasps or bees, 
the near spherical molds have a thin (1-2 mm) rind 
of clay which is fibrous in texture and darker in color 
(Munsell, very pale brown, 10YR 7/3) than the sur- 
rounding matrix (white 10R 8/2). This rind has a 
characteristically sharp, inner boundary, along which 
the casts can easily be extracted from their matrix. 
The outer boundary of this dark rim is diffuse and 
irregular. In vertically oriented, sawed slabs of matrix 
(Fig. 206), casts of nests can be seen at the ends of 
burrows filled with clay darker than the surrounding 
matrix, but like that of the overlying B horizon of the 
fossil soil (these burrows are meta-tubules in the non- 
genetic terminology of Brewer, 1964). The burrows 
appear to be lateral chambers (at least three of them) 
1-3 cm long, off a near vertical shaft. These relation- 
ships are disrupted by other crosscutting tubular 
features, probably the result of subsequent plant 
roots of various sizes. These include fine (1-2 mm) 
calcite crystal tubes, and large (3-7 mm) meta- 
isotubules (containing prominent skeleton grains and 
papules). 

In the arrangement of the nests in the burrow and 
in the nature of the nest walls, the fossil nests are 
similar to pupal cells of living Geotrupes stercorarius 
Linnaeus (Teichert, 1955), G. borni Blanchard (How- 
den, 1955), Ontbopbagus nuchicornus (Linnaeus) 
(Burmeister, 1930) and O. fandolti Harold (Howden, 
1957; Howden and Cartwright, 1963). These species 
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Fig. 206. Diagram of a sawed slab of the petrocalcic horizon cut perpendicular to bedding, from the 51.8 m level in a 
measured section of the mid-Oligocene, Scenic Member, Brule Formation, Badlands National Park, South Dakota, showing 
calcite crystal tubes after fine roots (fine stipple), para-isotubules after large roots (coarse stipple), meta-isotubules after 
burrows (black and cross-hatched), clay clasts (small and black), and hollow nests of dung beetles (large black-rimmed 
circle), and of wasps or bees (elliptical form at upper right only). Indiana University, Department of Geology specimen 


15921B. 


do not roll balls of dung, nor do they form clay-lined 
nests in underground chambers. They merely pack 
the end of chambers with dung derived from directly 
overhead (Group I of Halffter, 1977). This method of 
nesting (Group I) is thought to have been the earliest 
to evolve in dung beetles, and to have been inherited 
from similar use of plant litter by pre-existing beetles 
(Halffter and Matthews, 1966; Halffter, 1977). Even 
less elaborate behavior (a more primitive Group I 
behavior) is found in living beetles such as Liatongus 
monstrosus Bates which arrange eggs and masses of 
dung alternately within long burrows. 

From these various observations and comparisons, 
it appears that this Oligocene species of dung beetle 


made nests at the end of chambers on several (at least 
three) short (1-3 cm) lateral passages from a main 
shaft, which was near vertical to depths of up to 125 
cm. The food supply for the larva was not lined with 
a thick coat of clay, although there may have been a 
thin outer layer of soil or a mixture of soil and larval 
and original dung. After hatching of the egg, the larva 
grew by consuming dung in the brood chamber. 
When this was nearly exhausted, the larva constructed 
a pupal cell from remaining uneaten dung, and larval 
feces. During pupation the brood chamber and 
associated burrows were filled with brown soil 
material from the overlying horizon of the soil. After 
emergence of the young beetle, the near spherical 
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pupal cell was filled with calcareous siltstone from the 
surrounding matrix. 

Many living species of geotrupid beetle use plant 
litter instead of dung (Richter, 1958; Halffter and 
Matthews, 1966), but this is unlikely for these Oligo- 
cene beetles, considering the finely fibrous texture of 
the walls of the nest as examined in petrographic thin 
sections and under the scanning electron microscope 
(Retallack, 1984b), the open vegetation and subhumid 
to semi-arid climate likely to have created the paleo- 
sols (Retallack, 1983) and the unusually abundant 
fossil mammals at this stratigraphic level (Clark et al., 
1967; Webb, 1977). 

The fossil nests are unusually deeply buried in the 
paleosol, but this is not exceptional for living geo- 
trupid beetles, such as Lethrus apterus Laxmann and 
Ceratopbyus typboeus Linnaeus (Burmeister, 1930; 
Crowson, 1981). The pupal cells of living geotrupine 
beetles differ in one important respect from the 
fossils: they are ellipsoidal. The near spherical shape 
of the fossil nests is most like those of modern 
scarabaeine beetles, such as Onthophagus nuchicornus 
Linnaeus (Burmeister, 1930) and O. landolti Harold 
(Howden, 1957; Howden and Cartwright, 1963). 

The low diversity and probable Group I kind of 
nesting behavior for these Late Oligocene fossils, may 
be contrasted with the assemblage of Early Oligocene 
age from near Paso Flores, Argentina, already dis- 
cussed. It has long been recognized that grassland 
ecosystems evolved earlier and further in South than 
in North America during the Early and Mid-Tertiary. 
This can especially be seen from the early and 
widespread appearance of high-crowned teeth (hyp- 
sodonty) and of elongate, slender limbs (cursoriality) 
in South American fossil mammals (Webb, 1978). By 
Oligocene time, diverse and elaborate nesting be- 
havior was already widespread and of considerable 
antiquity in savannas and open grasslands in South 
America, whereas from what little is known of nesting 
behavior in savannas and open woodlands of North 
America, it appears to have been only like that of 
living woodland beetles. 


Fossil nests of dung beetles from desert shrub- 
lands of North America 


It is also possible that some other North American 
trace fossils were produced by dung beetles. These are 
from the Early Miocene (Arikareean; Hunt, 1978), 
Harrison Formation at Eagle Crags, near Harrison, in 
northwestern Nebraska. This locality is best known 
for the large, helical burrows (Daemonelix) of beaver- 
like rodents (Palaeocastor) whose paleoecology has 
been masterfully elucidated by Martin and Bennett 


(1977). As these authors correctly maintain (Hantz- 
schel, 1975), the trace fossil, generic name, Daemone- 
lix, should be restricted to the spectacular large, 
helical burrows (Fig. 207A—D). These are only some 
of the various fossils with the same characteristic 
silicified, white, fibrous, exterior texture, which 
Barbour (1897a, b) included in the genus. Under this 
name were included at least four different kinds of 
burrows, as well as fossil roots, and remains superfi- 
cially similar to dung pellets and cakes and the brood 
chambers of burrow-stuffing, dung beetles. 

The most common burrows of Daemonelix circum- 
axilis Barbour 1892 (Fig. 207A-D) are 11-14 cm in 
diameter and are thought to have been excavated by 
beaver-like rodents, Palaeocastor fossor (Peterson). 
Martin and Bennett (1977) also found a single large 
helical burrow of Daemonelix, 21 cm in diameter, 
which they thought was constructed by Palaeocastor 
magnus Romer and McCormack. Burrows of a third 
size (5-7 cm diameter) are not, or less regularly 
coiled (Fig. 207E; “Daemonelix irregular” of Barbour, 
1897a, b). These are best removed from the genus 
Daemonelix. They are thought to have been the work 
of the extinct endoptychine gopher Gregorymys by 
Martin and Bennett (1977). 

The smallest burrows (2-3 cm in diameter) also 
have abrupt, rounded ends, and often branch from 
the larger burrows, including both Daemonelix (Fig. 
207C, D) and those attributed to Gregorymys (Fig. 
207E). These are especially similar to feeding burrows 
of living dung beetles (Halffter and Matthews, 1966, 
figs. 14-19). Of comparable diameter are short 
lengths of burrows, sometimes with both ends round- 
ed (Fig. 207I~K; “Daemonelix cigars or fingers” of 
Barbour, 1897a, b). These are similar to brood 
chambers of a dung beetle such as Onthophagus. This 
living genus of scarabaeine has a burrow-stuffing or 
Group I nesting behavior. Its larvae develop in a mass 
of dung stuffed into the end of a burrow or chamber, 
and sealed off from the outside by a plug of earth. 
Also compatible with this kind of nesting behavior are 
flattened masses superficially similar to dung cakes, 
with connected portions of burrows, also about 2 to 
3 cm in diameter (Fig. 207F; “Daemonelix cakes” of 
Barbour, 1897a, b). Perhaps these Miocene beetles, 
like Onthophagus, provisioned their brood chambers 
with dung derived from directly overhead rather than 
rolling it overland. Since the likely dung beetle 
burrows are associated with several kinds of vertebrate 
burrows and appear at stratigraphic levels below the 
oldest vertebrate burrows, then it is unlikely that they 
were obligate inhabitants of vertebrate burrows like 
some modern species of Onthophagus (Halffter and 
Matthews, 1966, p. 205). 
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Also found at Eagle Crags were balls of similar 
fibrous material (Fig. 207G, H; “Daemonelix balls” of 
Barbour, 1897a, b). Only some of these (Fig. 207H) 
are of a size compatible with the likely beetle bur- 
rows, and these are just as likely to have been dung 
pellets as brood or food balls of dung beetles. 

Finally, there are abundant root traces (Fig. 207L; 
“great tubes of Daemonelix” and “Daemonelix fibers” 


silicified organic matter 


sediment 


of Barbour, 1897a, b). In some cases their cellular, 
internal structure is preserved in chert (Fig. 207M). 
Root traces of this kind were found isolated in the 
matrix and closely adpressed to bones and to the 
surface of all the burrows (Fig. 207B), cakes, balls and 
fingers (Barbour, 1887a, b; Marsland, 1897), thus 
bestowing their characteristic white, fibrous appear- 
ance. As Martin and Bennett (1977) have discussed at 


Fig. 207. Trace fossils from the Early Miocene, upper Harrison Formation, of northwest Nebraska, all drawn to the same 
scale, except M (x4). A. Reconstructed helical burrow of Daemonelix circumaxilis and its constructor, the beaver Palaeocas- 
tor fossor. B. Cross-section of a Daemonelix burrow, showing silicified roots and other organic matter (black) and sedimen- 
tary fill (stipple). C, D. Additional Daemonelix burrows with smaller burrows, possibly of dung beetles. E. Burrow of a size 
attributed to the extinct endoptychine gopher Gregorymys, with a smaller burrow, possibly of a dung beetle. F. Possible 
dung cake and small burrow, possibly of a dung beetle. G, H. Possible pellets of dung. I-K. Possible brood-chambers of a 
dung beetle with geotrupine nesting behavior. L. Fossil root trace. M. Preserved cellular structure of silicified roots. (Re- 
scaled and redrawn from Barbour, 1897a, b; Marsland, 1897; and Martin and Bennett, 1977.) 
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length, any weakness in these ashy, sandy soils, such 
as pre-existing burrows, would have been a favored 
location for root growth. 

From my own examination of Eagle Crags (made 
with the generous assistance of Dr. R.M. Hunt during 
the summer of 1981), the distribution of these various 
trace fossils within the sequence is just as depicted in 
Barbour's sketch (1897a, fig. 19; 1897b, plate 20) 
except that each kind of trace fossil can be found to 
the top of the exposed sequence from its lowest 
appearance. From the various interpretations offered 
here, this short (about 70 m) sequence appears to 
record an amelioration of conditions and increasing 
community diversity with time. Coprolites became 
more diverse as a variety of fecal pellets supplemented 
cake-like piles of dung, which occur at lower strati- 
graphic levels. At these lower levels likely burrows of 
insects were shallow and sparse. Possible brood 
chambers of dung beetles became prominent in a 
higher part of the sequence. To these burrows were 
later added those thought to be made by gophers 
(Gregorymys) and finally the large Daemonelix 
burrows of Palaeocastor. Fossil soils in the sequence 
are evidence of concurrent changes towards greater 
stability of the land surface with time. No fossil soils 
can be seen at the base of the sequence, a few weakly 
developed fossil soils appear at the level where the 
possible brood chambers of dung beetles first appear, 
and there is a thick, well developed paleosol near the 
top of Eagle Crags. These were all calcareous soils, 
with a prominent caliche horizon when well develop- 
ed. They were probably Aridisols, Inceptisols, or 
Mollisols, supporting savanna or open shrublands in 
a semiarid to arid climate. The little weathered, ashy, 
loess-like nature of these sediments is also an indica- 
tion of a semiarid, desert like climate (Schultz, 1942; 
Martin and Bennett, 1977; Hunt, 1978). From the 
presence of numerous Daemonelix burrows extending 
to depths of up to 3 m (Martin and Bennett, 1977), 
it can be assumed that permanent water table was at 
least that deep. It may have retreated to even deeper 
levels seasonally because fossils other than vertebrates 
found in a nearby channel deposit included only 
diatoms, charophytes and ostracodes, all aquatic 
organisms which can withstand periodic severe 
desiccation (Hunt, 1978). Fossil mammals in this 
assemblage were mostly chalicotheres, rhinoceroses, 
horses and bear-like amphicyonids, a mixture of 
browsers, grazers and carnivores, which also provide 
evidence of savanna or shrubland vegetation (Hunt, 
1978). 

In such an habitat, the abundant organic material 
associated with the large helical burrows would have 
been a conspicuous resource for dung beetles. Some 


of this organic matter was clearly living roots of 
plants, now beautifully preserved, but there is so 
much unorganized fibrous and amorphous silicified 
material in these large burrows that it is likely that 
dung, plant litter, decaying roots, humus and fungi 
were also present. Many comparable modern burrows 
of vertebrates also house scarabaeoid beetles. In some 
cases the beetles and their vertebrate hosts are 
probably indifferent to each other (commensal), but 
for some species of beetles which are associated 
strictly with particular species of vertebrates, the 
relationship may be mutually beneficial (mutualistic). 
The dung beetle Onthophagus cynomysi Brown for 
example, is only found in the burrows of the prairie 
dog (really a rodent), Cynomys ludovicianus (Ord) 
(Halffter and Matthews, 1966, p. 48). The use of 
vertebrate burrows is common and characteristic of 
scarabaeoid beetles living in arid climates where deep, 
large burrows provide a refuge from extremes of 
temperature and dryness (Halffter and Matthews, 1966, 
p. 205). Although the evidence of trace fossils is 
necessarily circumstantial, this fossil assemblage of 
Early Miocene age from northwestern Nebraska may 
be a record of the association of burrowing ver- 
tebrates and dung beetles in a semiarid climate. 


Conclusions 


The fossil record of nests of dung beetles described 
here extends back to the first appearance of savanna 
and other open grassland vegetation in both North 
and South America, as assessed from the evidence of 
fossil mammals (Webb, 1977, 1978) and soils (Retal- 
lack, 1982, 1983). This adds credence to the view of 
Halffter and Matthews (1966) that dung beetles arose 
in and evolved along with grasslands, where they 
remain most diverse today. They probably arose 
independently on each continent from pre-existing 
phytophagous, saprophagous or necrophagous scara- 
baeid beetles because from their very first appearance 
in the fossil record they were provincial in their 
nesting behavior. Group I nesting behavior is still 
characteristic of dung beetles in North America, and 
Group II behavior in South America, even where 
dung beetle assemblages of northern and southern 
affinities now mix in Mexico (Halffter and Matthews, 
1966; Halffter, 1974, 1976). This limited mixing of 
assemblages of dung beetles in Central America is 
surprising compared to the extensive interchange of 
mammals since the Late Pliocene (Marshall et al., 
1982) when a continuous land bridge between North 
and South America was established. Halffter and 
Matthews (1966) also envisage the evolution of 
assemblages of dung beetles characteristic of wood- 
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lands and of arid lands as secondary radiations from 
those of grasslands. From what little is now known, 
this is also supported by the fossil record of dung 
beetles. Scarabeid nests are only known in woodland 
and arid land paleosols as old as Oligocene, post- 
dating their appearance in savanna and other grassy 
vegetation in both North and South America. 

Given the limited occurrences of likely fossil nests 
of dung beetles known, these agreements between 
evolutionary scenarios based on study of modern 
dung beetles and on the fossil record must be regard- 
ed with suspicion. They clearly need to be tested 
against a greater number of cases. The fossil record 
of nests of dung beetles in the Americas is still 
inadequate. What were they like in the rest of the 
world? Did scarab beetles use the dung of dinosaurs, 
and in what ways? These questions remain unanswer- 
ed, probably because few suspect the nature of these 
problematic, nodule-like, trace fossils. To those in 
pursuit of fossil land vertebrates in alluvial sequences, 
consider the sacred scarab; it may bring good luck! 


Reliability: Category 1. The presence of both the 
dungballs and the beetles themselves, although 
never at the same locality, is good evidence for 
the relationship. It is also worth pointing out that 
the diachronous appearance of both dung beetle 
balls and hypsodonty in Patagonia and North 
America, Eocene in the one, and Oligocene in 
the other, provides still more evidence favoring 
dung beetle behavioral fixity in terms of favoring 
grasslands abundant in ungulate dung for high 
density populations of dung beetles. Stebbins’ 
(1981) resumé of mid-Eocene grass phytoliths 
from Patagonia further supports this concept of 
grassland diachrony, as does the first appearance 
of graminaceous pollen in abundance in North 
America. The non-recognition of dung beetle 
burrows in the African Tertiary is probably due 
to lack of geological attention since Miocene 
dung beetles have been recognized in Kenya 
(Paulian, 1976), and the high level of modern 
dung beetle activity on that continent certainly 
suggests that such fossil burrows will be found in 
abundance once they are searched for. 


6CId Flesh-eating insects 


Handschin (1944) provided a list of beetles 
and flies from the Quercy Phosphorite, of Late 
Eocene- Oligocene age, which belong to genera 
and families whose modern representatives 


specialize in carrion (such as Piomascopus, Sil- 
phidarum, Megaselia) and flesh feeding. The 
persistence of this behavior since the Paleogene 
is notable, with little indication of suprageneric 
level morphologic change. There are also records 
from the Pleistocene of similar carrion-feeding 
habits (Tasnadi-Kubacska, 1962; Miller and Peck, 
1979). 

Weigelt (1935) illustrated some blowfly mag- 
gots obtained from long bones of Lophiodon 
present in the Eocene brown coal of Geiseltal in 
Germany. Tobien (1965) has described evidence 
of larval beetle activity, such as dermestids, in 
mammalian bones collected from the European 
Neogene; the evidence consists of characteristic 
boreholes. 

Gagne and Miller (1981) describe a Late 
Pleistocene (about 21,000 years B.P.) calliphorid 
puparium “found in the end of a Pleistocene bird 
(Teratornis merriami Miller)” from Rancho La 
Brea. Another good example of flesh-eating 
blowfly. 


Reliability: Category 1 for the Eocene and 
Pleistocene examples, and 2A for the Quercy 
Phosphorite. Other occurrences of flesh-eating 
and bone-boring insects belong in Category 2B. 


6Cle Reduviid bug-ants (Fig. 208) 


Jacobson (1911; China, 1928) has described in 
a most graphic manner the complex predatory 
habits of the reduviid bug Ptilocerus on the ant 
Dolichoderus: 


“The way in which the bugs proceed to entice 
the ants is as follows. They take up a position in 
an ant-path or ants find out the abodes of the 
bugs, and attracted by their secretions visit them in 
great numbers. On the approach of an ant of the 
species Dolichoderus bituberculatus the bug is at 
once on the alert, it raises halfway the front of the 
body, so as to put the trichome in evidence. As far 
as my observations go the bugs only show a liking 
for Dolichoderus bituberculatus, several other 
species of ants, e.g., Crematogaster difformis Smith 
and others, which were brought together with 
them, were not accepted; on the contrary, on the 
approach of such a stranger, the bug inclined its 
body forwards, pressing down its head; the reverse 
therefore of the inviting attitude taken up towards 
Dolichoderus bituberculatus. In meeting the latter 


